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ABSTRACT 


The  vacuum  thermal  decompositions  of  the  combustion 
intermediates  from  the  reaction  of  with  have  been 

investigated.  The  identity  and  concentrations  cf  the  evolved 
gaseous  products  from  mononitrate  and  dinitrate  salts  of 
hydrazine  as  well  as  ammonium  nitrate  were  determined  at 
successive  temperatures  until  the  thermolyses  were  com¬ 
pleted,  with  a  mass  spectrometer  and  differential  thermal 
analyzer. 
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MATERIALS  AND  PROCEDURE 


The  struts  sells  of  th*-  fas!  scfe  prepared  by  a  careful  titration  of 
an  ice  cold  solution  of  freshh  disSitlef  byciaziss  m- ith  e  ^orressoj#^ 
?<ssi«kd  q^=l!ty  of  di kite  mtr.c  acid.  The  saier  mas  cautiously  removed 
asder  reduced  pressure,  er/1  tie  snoaonitrJie  >as  par. Tied  by  repeated 
dissolution  £a  methanol.  Boti  the  mononitrate  and  diahrate  sails  eere 
white  crystalline  solids  having  ext.tsmely  hygroscopic  proparties.  These 
csEflKKisds  were  stored  in  a  desiccator  ard  used  immediately  after  psmfi* 
ca:ior_ 

Purified  N?H/  iIXO.  melted  at  69-Tl6C  (lit.  value  T>1  T°CJ  *5~»  cats 
correspo  s*  4  to  the  c-crystaUaa  form.  When  heated  rapidly,  while  com¬ 
pacted  in  a  -pillary  tube,  the  material  detonated. 

NjHj'  2H?%0.  Jrselted  at  !0i-«633C  flit,  value  103-104°C)  ”6*  shes 
heated  rapidly.  A  slow  rate  of  heating  resulted  in  bubbling, and  decompo¬ 
sition  starting  at  aonroximatelv  S5°C. 


The  apparatus  used  in  this  mass  spectrometric  ti:5\ 
analyses  study  was  described  in  our  previous  report  4* 


thermal 


The  svstem 


employed  a  well-regulated  temperature  -programmed  funstce  constructed 
of  a  silver  heating  block  and,  a  matched  pair  of  thermocouples  for  recording 
the  temperature.  Rapid  removal  of  the  decomposed  species  from  the 
furnace  and  quick  injection  into  the  ion  source  of  the  mass  spectrometer 
were  achieved  hv  operating  under  leu  pressures.  Use  of  a  .  hoktr.g  orifice 
with  rapid  pumping  minimized  the  possibility  of  solid-gas  reactic-.is  occur¬ 
ring  between  the  volatile  products  and  the  act omposing  residue.  For  all  of 

nsamcftSEBM 


the  nasii=?BB  pre;$aM  tartsd  32^5^  By 


sic  pressure  to  ;he  Sow 
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system  see 


4  Bcodix  t,5me-«is-fl3@bi  mass  sseeirecneter  w'ltoajs  toleS  system  com¬ 


posed  e*s£re-y  ef  g^ss  &si  stainless  steel  was  slec  tor  ih*  3 ra lyses  of  : 
egpolred  species.  Tie  presssr«=  to  spectrometer  was  ZxtQ  "  mm  K 


altr*  and  eves  daring  the  seak  essderbenss  is  did  net  exceed  1  x  13 


see  spectre  mete:  eisasled  the  metstortoa  of  - 


term 


sasssfees  faSM 


rrrg  stcie  ca 


series 


By  the  simslaaeoas  imprint  of  toe  arse  and  temperature  history  ea  see 
differectal  thermogram  and  mass  spectral  dart,  toe  ccmposiiica- 
ternpezatsre  data  profiles  of  the  eoolred  spiles  sere  constructed.  A 
small  crantity  of  argon  tame  leaked  ieso  the  sampling  system  for  referee 
ail  peak  isaesssSy  esta  to  the  inert  g£&. 

5s  a  typical  ms  45  rag  of  the  citrate  sab  sa s  placed  direci'v  into  a 
glass  saT;pSe  adder,  tog'Cther  e;t6  a  Ghccmel-Alarsel  2 he  stsoc  -> - p Z-e.  as 


the  glass  tohe  was  inserted  into  ■ 


ity  of  the  heating  Meek.  The  mete: 


was  osfs^ssed  for  a  sdiabk  wried  os  time. 


tronud  was  recorded.  Heating  of  tie  s=*mMe  asas  sorted  simsiliaaeeessiir 


its  toe  recording  of  toe  nass  s ncc t ra I 


beating  rate  of  d?  Cj 


min  and  a  scanning  rate  of  about  *10  sec  covering  the  range  sr  to 


eras  usco. 


data  were  recorded  os  toe  tterra^tara  asc  the  mass 
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Figure  1.  Vacuum  differential  thermogram  and  product 
profile  for  hydrazinium  nitrate 
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IIL  RESULTS  AND  DISCUSSION 


The  differential  thermograms  and  the  compositions  of  the  evolved 
gases  versus  temperature  during  the  thermal  decompositions  of  N^H^* 
HNO^,  ^HNO^,  and  NH^NC-*  are  plotted  in  Figs.  1-3.  Identical 

temperature  scales  are  used  for  both  graphs.  The  terminal  exotherm 
in  the  differential  thermograms  obtained  in  the  decomposition  at  ambient 
pressure  was  replaced  by  a  large  endotherm  in  vacuum  similar  to  that 
reported  for  MMH*  HNG~  salts.  The  observed  effect  is  the  net  result  of 
the  heat  released  during  thermolysis  and  heat  r  bsorbed  upon  volatilization 
of  the  products.  Apparently,  the  heat  of  vaporization  of  the  substantial 
amounts  of  water  formed  is  the  dominating  factor  in  determining  the  shape 
of  the  thermogram. 

In  Fig.  1.  it  can  be  seen  that  the  major  products  evolved  were  water, 
NO,  and  N2>  with  evolution  starting  at  approximately  200°C.  Consider¬ 
ation  of  only  these  major  Species  indicates  that  the  decomposition  of 
HNO-j  may  be  described  by  the  following  equation,  which  had 
previously  been  proposed  by  Hodgkinson  r_l  j  : 

4N2h4*  HNO3  -  5NZ  r  2 NO  4  10H2O 

Among  the  minor  products  found  were  N2O,  NO2,  NH^,  HN3,  I^,  and  O2. 

A  barely  detectable  quantity  of  hydrazine  {not  shown  in  Fig.  1)  was  obtained 
in  some  of  the  runs.  This  is  probably  due  to  the  dissociation  of  the  nitrate 
salt.  Further  evidence  for  the  occurrence  of  hydrazinium  nitrate  dissoci¬ 
ation  can  be  seen  by  a  small  spectral  peak  appearing  at  a  mass  number  of 
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63,  corresponding  to  HNO^.  Water  and  N?0  were  among  the  first 
products  evolved  at  the  lower  temperatures.  The  decomposition  was 
complete  at  about  255  °C. 

The  iecults  from  the  vacuum  differential  thermogram  and  product 
profile  obtained  from  the  decomposition  of  2HNC>3  are  shown  in 

Fig.  2.  In  comparison  to  the  mononitrate,  water  was  released  at  lower 
temperatures  (ca  150°C)  and  was  manifested  in  the  first  endotherm 
observed  in  the  thermograms.  In  addition,  a  considerable  quantity  of 
NC>2  was  evolved  at  these  temperatures.  In  fact,  N02,  which  was  a  minor 
product  in  HNO^  decomposition,  became  one  of  the  major  species, 

together  with  water,  NO,  and  N2-  A  substantially  greater  amount  of  HN^ 
was  also  produced,  whereas  the  remaining  expected  species,  N^O,  NHy 
»  and  00  ,  were  found  as  minor  products.  Again,  with  the  observed 
major  products,  the  decomposition  reaction  for  N2H4'  2HNO^  may  be 
written  as: 

N2H4-  2HN03  -N,tNO  +  N02  t  3K20 

However,  the  decomposition  reaction  of  the  double  nitrate  salt  is  very 
complex,  and  the  minor  products  can  play  an  important  role  in  determining 
the  relative  quantity  of  the  major  species.  Thus,  no  single  equation  can  be 
written  to  represent  accurately  the  species  produced. 

Among  the  evolved  species  from  the  Ihermolyses  of  nitrate  salts  of 
hydrazine,  a  gaseous  product  having  a  mass  number  of  43  was  observed 
and  attributed  to  hydra  zoic  acid  (HN3).  This  product  is  an  extremely 
shock-  and  heat-sensitive  energetic  compound  that  may  be  formed  ,y 
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the  nitrosation  of  the  hydrazine  followed  by  rearrangement  and  dehydration. 


The  presence  of  this  explosive  compound  is  consistent  with  the  identification 
of  methylazide  discovered  in  our  previous  work  during  the  thermolysis  of 
MMH*  HNOy  These  results  are  also  anr  l.ogous  to  the  results  obtained  by 
Dauerman,  et  aL  f8j  where  HN^  was  observed  when  c^iidensed  on 

^2^4  at:  a  temperature  was  allowed  to  warm  up  slowly.  These  results 
are  of  particular  interest  in  that  HN^  would  also  be  formed  during  the 
operation  of  K^O^/hydrazine  bipropellant  motors  under  high-altitude  con¬ 
ditions.  Although  this  azide  would  not  be  accumulated  under  a  low-pressure 
environment,  it  nevertheless  is  capable  of  triggering  the  detonation  of  the 
nitrate  salts  accumulated  in  the  combustion  chamber  walls.  Thus,  if 
sufficient  quantity  of  the  combustion  intermediate  had  been  formed  from 
previous  firings,  the  resultant  effect  would  be  an  abnormally  high  ignition 
overpressure.  Such  pressure  spiking  phenomenon  had  been  observed  in 
the  operation  of  bipropellant  motors  under  a  low-pressure  environment. 

The  decomposition  of  ammonium  nitrate  r9jhas  been  described  as 


follows : 


NH4N03  -  N?Q  *  2h30 


The  reaction,  however,  is  much  more  complicated,  as  evidenced  by  the 
results  shown  in  Fig.  3.  In  addition  to  water  and  N,G,  smaller  amounts 
of  NO,  NHj,  and  Ng  were  also  obtained.  The  formation  of  the  latter  two 
species  during  the  decomposition  of  ammonium  nitrate  has  previously  been 
reported  A  small  peak  at  mass  number  of  63  {HNO^)  was  also  observed. 

No  evidence  for  the  presence  of  NO,  was  found,  although  a  small  quantity 
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may  have  been  present  but  was  undetected  since  the  mass  spe'  tra  is 
obscured  by  interfering  compounds. 


This  study  of  the  combustion  intermediates  from  the  reaction  of 
N2O4  with  hydrazine  las  defined  the  temperature  range  required  for 
the  removal  of  these  hydrazine  nitrates  by  thermal  degradation.  The 
identity  of  the  evolved  species  and  their  respective  concentrations  as 
a  function  of  increasing  temperature  have  also  been  obtained. 
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